A study was carried out to evaluate the suitability and effectiveness of improved postharvest management practices (IPMP) in enhancing the eggplant (Solanum melongena L.) value chain of Bangladesh. In IPMP, sorting, grading and washing of eggplants were done, and packed them in plastic crates with or without modified atmosphere packaging (MAP). Traditional postharvest management practices (TPMP) existed in the value chain was used as control treatment. IPMP including the use of plastic crate with MAP reduced weight losses by 26.7 and 38.0% at wholesale and 2-days display at retail outlets. The total postharvest loss of eggplant handled with TPMP including packed in jute sack was 40.0%, whereas it was only 4.5% when followed IPMP. The reduction of postharvest losses of eggplants handled with IPMP amounted to 88.7%, and 100.0% fruit could be sold at retail outlets. The additional weekly gross income of a small trader by selling 1000 kg eggplant handled with IPMP comprising the plastic crates with MA packaging would be BDT 17,190 (USD 207).
Introduction
Eggplant (Solanum melongena L.) is one of the most important and popular vegetable crops grown commercially round the year in Bangladesh (Quamruzzaman et al., 2009) . A total of 507,432 metric tons of eggplant was produced from 50,955.50 ha land in Bangladesh in 2017 (BBS, 2018) . It contains important nutrient components with functional properties like biologically essential minerals, ascorbic acid, soluble phenols (Nino-Medina et al., 2014) , potassium, calcium, sodium and iron (Mohamed et al., 2003; Raigon et al., 2008) as well as dietary fibre (USDA, 2014; Nino-Medina et al., 2014; Sanchez-Castillo et al., 1999) .
Eggplant is a perishable crop having short postharvest life. In Bangladesh, the postharvest loss of eggplant was estimated at 29.4% from harvesting to consumption (Hassan, 2010) , which mainly attributed to improper postharvest management practices. In traditional postharvest management practices (TPMP), generally farmers and traders do not carry out sorting, grading or washing for marketing eggplant. At local assembling market, the traders purchase eggplants from farmers, and directly pack into jute sacks having 100 to 800 kg capacity for sending them to the distant wholesale markets. These heavy packages are roughly handled during loading, unloading and subsequent handling, which result in bruising, cracking and compression damage of the crop. Due to getting mechanical damage, eggplants become more susceptible to microorganisms causing decay and also suffer from nutritional loss at the retail outlets. At the end, the consumers get poor quality and unsafe eggplants from the retailers.
The technical and economic effectiveness of improved postharvest technologies can be established by testing them under actual value chain system. In this regard, a study was needed to carry out to compare the effectiveness between traditional and improved postharvest management practices (IPMP) in the eggplant value chain. Improved postharvest management Int. J. Agril. Res. Innov. Tech. 9(2): 35-41, December 2019 practices such as, harvesting at optimum maturity stage, use of plastic bucket as harvesting container, sorting, grading, washing with clean potable water, use of plastic crates as packaging container, and careful loading and unloading during transportation etc. were followed as interventions in the value chain in reducing postharvest losses and managing quality and safety of the crop.
Packaging provides protection of produces from dust and reduces microbial contamination from surroundings. Thus, proper packaging is essential in maintaining product quality during transport and subsequent handling (Esguerra et al., 2016) . Consumer demand for produce that is safe and of high quality has been a major driver of the shift from using traditional bulk packaging materials to the use of improved containers such as reusable plastic crates (Rapusas and Rolle, 2009 ). On the other hand, packaging of fresh fruits and vegetables in plastic films restrict the transmission of respiratory gases for the accumulation of carbon dioxide and depletion of oxygen around the crop, which may increase their shelf life (Kader et al., 1989) . Eggplant in perforated polyethylene bag prolonged shelf life maintaining fruit quality compared to unpacked fruit (Nasrin et al., 2008) . Therefore, the experiment was undertaken to determine the suitability and effectiveness of IPMP in enhancing eggplant value chains. The findings of this study will provide valuable information on the impact of IPMP of eggplant that will serve as the basis in the formulation of interventions in the value chain towards quality maintenance and loss reduction.
Materials and Methods

Materials and experimental procedures
The experiment was conducted with eggplants cv. 'Chaga'. Eggplants were collected directly from the farmers from a local assemble market of Jessore and divided into two lots; one for existing practices followed by the traders in a simulated marketing chain and another following improved postharvest management practices. For traditional postharvest management practices (TPMP), sorting, grading and washing were not done. Eggplants were directly packed in jute sacks of 100 kg capacity and sealed with nylon string. On the other hand, improved postharvest practices including sorting, grading and washing with clean potable water were done in improved postharvest management practices (IPMP), and packed in 20 kg capacity stackable plastic creates with or without modified atmosphere packaging (MAP). Polyethylene of 30µ thickness with 1% perforation was used as MAP. The eggplants were then loaded in a 12-ton truck together with other commercial loaded vegetables and started to transport in the evening (6:00 pm) of the same day and reached Vogra wholesale market at Gazipur about 8:00 pm of the following day. Distance from Jessore to Gazipur is 250 km. After collecting the necessary data at wholesale market, the produces were brought to the postharvest laboratory of Horticulture Research Centre of BARI using a pick up van. The eggplants were evaluated at the laboratory, where a thorough evaluation of the recovery of good quality (sound), mechanically damaged and unmarketable fruits from the top, middle and bottom portions of the three types of containers. After evaluation, 50 sample eggplants were randomly taken from the top, middle and bottom portions of each container, were placed in separate plastic crates and distributed to three retail outlets of Gazipur wet vegetable market. Another 50 eggplants were randomly taken from different portions of each container were left in the laboratory also for daily evaluation. Both in the TPMP and IPMP, there were three plastic crates with each crate having 50 eggplants that was considered as a replication. Each eggplant in a crate was evaluated daily during the 2-day retail period under ambient condition (25-28 o C, 80-85% RH).
Data recording
Data were collected every day on weight loss, mechanical damage and decay caused by pathogens. Eggplants were evaluated individually as to the severity of mechanical damage as follows: 1-sound (no damage), 2-slight, 3moderate, and 4-severe. Fruits with evident compression damage and bruising/abrasion were classified as moderately damaged, and those with cracks as severely damaged were considered unmarketable. The change in the external appearance of the eggplant, which affects marketability was also monitored daily during the 2-day retail period. The collected data were analyzed to calculate the loss in the whole supply chain.
Experimental design and statistical analysis
The experiment was carried out in a randomized complete design (RCD) with three replications. The collected data were subjected to analysis of variance (ANOVA) using 'R' Statistical Software version 3.1.2. The results showing significant differences were then subjected to mean separation using LSD test at P < 0.05.
Results and Discussion
Weight loss
Weight loss of eggplant occurred mainly due to transpiration during transportation and displaying for sale at retail outlets. Loss during transportation was recorded of 1.1-1.9% at the wholesale market, showing the highest loss in fruits packed in PC without MAP, which was not significantly (P<0.05) different with jute sack (Table 1) . At wholesale level, the incidence of mechanical damage in eggplants in the form of compression and crack was found 57.5% and 9.2%, respectively when packed in the jute sacks. On the other hand, no incidence of mechanical damage was found in eggplants that packed PC with or without MAP at wholesale level (Table 2) . Plastic crates are rigid and highly recommended as packaging containers for tomato and other fresh vegetables since they provide adequate protection against compression damage (Esguerra et al., 2016; Rapusas and Rolle, 2009 ).
Recovery of good quality (sound) fruits at wholesale level
Recovery of sound eggplants at the retail outlets during two days of shelf period
By integrating IPMP comprising the stackable plastic crates as packaging container along with and without MAP, the recovery of sound and highly marketable eggplants amounted to 88.6 and 86.6 %, respectively on day 1 ( 
Incidence of mechanically damaged eggplants at retail outlets
All forms of mechanical damages including bruising, compression and cracking were apparent in eggplants, which handled with TPMP and packed in jute sacks. On day 1 at retail outlet, significantly (P≤0.05) the highest incidence of mechanical-damage amounted to 53.8% was recorded in eggplants handled with TPMP that caused by bruising and/or compression effect during transportation and subsequent handling ( Table 4 ). The incidence of mechanical damage in traditionally handled eggplants sharply increased over night, reaching 61.7% on day 2 at retail outlets. On the other hand, significantly (P<0.05) the lowest mechanically damaged eggplants were found in IPMP eggplants that packed in PC with MAP showing 11.3 and 12.6% on days 1 and day 2, respectively. Packaging of eggplants in PC with MAP reduced the mechanical damage by 79.4% over the jute sack packaging. Results of another handling trial of eggplant also showed a reduction of compression damage from 52.7 to 32.0% and 37.4 to 23.3% for 'Casino" and "Black Ninja" varieties, respectively when transported in plastic crates (PHTRC, 2004) . 
Recovery of marketable eggplants at retail outlets
During 2-day retail display, the proportion of total marketable eggplants handled with IPMP and packed in PC with MAP remained 100% on day 1 and day 2 (Table 5 ). However, it decreased slightly on day 2 when PC without MAP was used as packaging container. In contrast, eggplants handled with TPMP and packed in jute sack exhibited significantly (P≤0.05) the lowest proportion of marketable fruits compared to those IPMP. The recovery of marketable eggplants followed TPMP and packed in jute sack was 86.2% on day 1, which decreased rapidly, reaching 76.5% on day 2 at retail outlets. Total marketable fruits consisted of sound eggplants and fruit exhibiting slight compression and abrasion. The incidence of slightly compressed eggplant was also higher in jute sacks compared to those eggplants, which packed in PC. Figure 1 shows the proportion of postharvest losses of eggplants at each stages of value chain. At wholesale level, there was no unmarketable eggplants, which handled with IPMP and packed in plastic crates with or without MAP. In contrast, 9.2% eggplants found crack when they were handled with TPMP and packed in jute sack. Weight loss is considered as quantitative loss, which found higher (7.3%) both in open plastic crate and jute sack. On the other hand, significantly (P<0.05) lowest weight loss of 4.5% was recorded in eggplants packed in plastic crates with MA packaging. At retail level, the maximum postharvest loss amounting 23.5% was recorded in eggplants that handled with TPMP, which followed by IPMP and packed in plastic crates without MAP, showing 6.6% loss. In contrast, there was no quantitative loss of eggplant except transpiration loss when packed in plastic crate with MA packaging. The reason of the inhibition of postharvest loss in eggplants packed in plastic crates with MAP might be due to the low level of O2 and elevated CO2 concentrations in MA packaging that can significantly reduce the rates of senescence primarily by reducing the synthesis and perception of ethylene (Abeles et al., 1992) . At the retail level, the reduction in postharvest losses amounted to 100.0% and 93.4% with the use of IPMP comprising packed in plastic crates with and without MAP, respectively.
Postharvest losses of eggplant in the value chain
Absence of postharvest treatment, poor packaging, rough handling during transportation, lack of storage facilities and low farm gate price are the major causes of postharvest losses of eggplant (Kaysar et al., 2016) . Similarly, in this study the cumulative postharvest losses of eggplant in the entire value chain was calculated showing the highest loss 40.0% (weight loss 7.2 + cracks at wholesale 9.2 + mechanical damage at retail 23.5%) when handled with TPMP including packed in jute sacks. The lowest loss on the other hand, was recorded 4.5% in eggplants, which packed in plastic crate with MAP during transportation, subsequent handling and marketing under IPMP (Fig. 1) . Thus, the postharvest losses of eggplant could be reduced by 88.7% by following the IPMP including use of plastic crates with MAP as a packaging container instead of jute sack. Findings of this study are in agreement with Fernando (2006) who reported that the introduction of plastic crates as packaging container in the supply chain reduced postharvest losses of vegetables from 30% to 5% during handling and marketing. It was also reported that the use of plastic crates for handling and transportation of fruits such as mangoes and avocados, resulted in a reduction of losses from 30% to 6% (Fernando, 2006) . Use of plastic crate with MA packaging during transportation and marketing of eggplants reduced the respiration and transpiration rate, which might result the lowest postharvest loss compared to other packaging system (Kader et al., 1989) .
Partial budget analysis for estimating profitability of using plastic crate as packaging container
A simple profitability tool such as partial budget analysis was used to analyze the expected changes in returns because of postharvest technology intervention like the use of plastic crates. Assuming that one trader can be handled 1000 kg of eggplant per week and that the eggplants are packed in jute sacks during transportation from Jessore to Gazipur wholesale market by a commercial truck. study, the loss of eggplant due to mechanical damage amounted to 32.7%, which is equivalent to 327 kg of eggplant per week (Table 6) . Partially mechanical damaged eggplant, on the other hand was 447 kg, which can be sold at lower price (BDT 30 kg -1 ). In contrast, the use of plastic crates with MAP as packaging container, there was no mechanical damage. However, 126 kg (12.6%) eggplant was found partially damage but marketable and thus, the complete loss of eggplant was only 45 kg due to transpiration. 
Added returns:
The retail prices of good quality and partially damaged eggplants were estimated to BDT 40 and 30 kg -1 , respectively. Thus, the estimated gross income with the use of jute sack would be 22,450. With the use of plastic crates, the loss was 45 kg, hence the estimated gross income would be BDT 38700. Therefore, the additional gross income per week as a result of using plastic crate would amounted to BDT (38700 -22450) = BDT 1,6250 (Table 6 ).
Added cost: Use of plastic crates entails depreciation cost of plastic crates and opportunity cost of capital invested in purchasing plastic crates. For 1,000 kg of eggplants, 50 plastic crates are needed which cost BDT 16,000 @ BDT 320 crate -1 . Plastic crates normally last for 10 years. So the depreciation cost is BDT 1600 year -1 or BDT 30.76 week -1 at 10% depreciation cost. Salvage value is 0. The opportunity cost of capital is based on the assumption that the interest rate is 10% and is computed as follows:
(16,000 + (16,000 -1600) I = ---------------------------------X 0.1 2.0 = BDT 1520 year -1 or 29.23 week -1
The reduced cost in terms of labour for sorting eggplants due to mechanical damage with the use of jute sack was BDT 1000 (2 man-day week -1 at BDT 500 day -1 ). With an additional gross income of BDT 16,250 week -1 plus reduced labour cost of BDT 1000 week -1 , one small trader who uses plastic crate will gain an additional weekly income of BDT 17,250 as shown in Table 7 . 
Conclusion
Findings of the present study revealed that the main causes of postharvest loss amounting to 40% were due to weight loss, fruit cracks and compression damage obtained in the jute sacks when followed TPMP. The integration of IPMP including the use of stackable plastic crates with MA packaging was more profitable that resulted in 88.7% reduction in loss by preventing the transpiration and mechanical damage, and 100% Int. J. Agril. Res. Innov. Tech. 9(2): 35-41, December 2019 eggplants could be sold at retail outlets. Thus, the existing value chain system of eggplant in Bangladesh could be improved by intervening of improved postharvest management practices including sorting, grading, washing and use of stackable plastic crates as packaging container in order to reduce high postharvest loss and retain produce quality, its marketability and profitability.
